The B-hordeins are the major group of prolarain storage proteins In barley (Hordeum vulgare L.) and they are encoded by a small multigene family that 1s expressed specifically In the developing endosperm.
INTRODUCTION
In most cereal species the major seed storage proteins are prolamins, a complex group of alcohol-soluble polypeptides that make up about half of the protein In the mature grain.
In barley (Hordeum vulgare L.) they are classified Into three main groups (B-, C-and D-hordeins), which are specified by separate compound genetic loci on chromosome 5 (1) . Prolamins homologous to the hordeins are found 1n wheat (the gliadins and giutenins) and In rye (the secalins), while the major prolaroins of the more distantly related maize (the zeins) seem to have evolved Independently (1, 2) .
Synthesis of the prolarain polypeptides Is endosperm-specific and Is Initiated coordinately at a relatively late stage of seed development (3) (4) (5) . In barley, expression of some families and sub-families of hordein genes Is modulated by the balance of nitrogen and sulphur nutrition (6) and by a mutation at an unlinked 'regulatory' locus (7, 8) .
In maize, mutants that alter either the timing (9) or the rate (10) of zein deposition have been reported, some of which specifically affect synthesis of one or other of the two zein classes. Thus It appears that there are at least two types of control operating on proiamin gene expression, one responsible for coordinate Induction of the genes during endosperm development and another regulating the subsequent rate of prolamin accumulation, and these controls have the ability to act differentially on subsets of prolamin genes.
As part of our study of the organization and expression of the hordein gene families we now report the Isolation and nucleotide sequencing of a Bhordein genoraic clone.
We discuss the possible significance of short upstream sequences that are conserved 1n B-hordein and o-gliadin genes and
In genes encoding the two major classes of zeins. 1 ). To generate dideoxy-tenninated fragments with the same 5' end as the protected fragment to be mapped, the products of the sequencing reaction were treated with Hhal and BaraHI before electrophoresis. BamHI cuts within the polylInker region of Cla42 and was used to reduce the size of the fragments that contained the sequencing The open reading frame that starts at nucleotide 564 (F1g. 2) encodes a protein with 293 residues (M r 33,423). The araino terminal region of the protein has many of the characteristics of a signal peptide, Including a charged residue near the N-term1nus and a core of hydrophobic residues (36) .
NETHODS
The presence of a signal peptide would be consistent with the evidence that the B-hordeins are synthesized on the rough endoplasraic reticulura and deposited 1n protein bodies (34, 37, 38) , and with the observations that they are synthesized 1n vitro as larger precursors (34, 39) .
However, because the N-term1n1 of the B-hordeins are blocked (40, 41) , the N-terra1nal sequence of the mature protein Is not known and we cannot assign the site of signal peptide cleavage with certainty. Nevertheless, comparison with the nascent and mature sequences of the homologous o-gl1ad1n storage proteins from wheat (42) suggests that cleavage would occur between residues 19 and 20. The same cleavage site Is predicted by application of the rules formulated by von Heijne (43) .
The mature protein would therefore consist of 274 residues and have a M,. of 31,444, which agrees well with estimates based on direct analysis of the B-horde1ns (40) .
Immediately following the putative signal peptide there 1s a region of the protein that Is extremely rich In proline and glutamine. This part of the protein was previously Identified as domain 1, one of two domains of primary structure In B-hordein polypeptides, which Is also characterized by a series of degenerate tandem repeats (13) .
The short N-terra1nal domain that precedes the pro11ne-r1ch repeats In other S-rich prolarains Is absent from this B-horde1n polypeptide (2) .
The boundary between domain 1 and domain 2, as defined from the earlier analysis of the cDNA sequences (13) , Is Indicated In F1g. 2. Domain 1 of the pBHR184-encoded protein contains 79 residues which are 39% glutamine, 391 proline, 10% phenylalanine and Include no sulphur ami no adds.
The repeated motif (based on the prototype octapeptide Pro-Gln-Gln-Pro-Phe-Pro-Gln-Gln) Is evident throughout this domain, Including the N-terminal 27 residues not previously sequenced (see ref.
2). The remaining 198 residues of the protein make up domain 2, which Is distinguished from domain 1 by being relatively proline-poor, S-r1ch and non-repetitive (13) . Domain 2 Is 27% glutaraine, 11% proline, 4.1% cysteine and 1.51 methionine. sequences were omitted because they deviate markedly from the consensus 1n the second half of the -300 element (see Fig. 5B ).
Even allowing up to three mismatches at the variant positions (the maximum deviation shown by any of the sequences that were used to derive the consensus), no additional occurrences were found In the database. Therefore, 1n view of the apparently Independent evolutionary origins of the S-rich prolarain and zein genes, It seems that the presence of this sequence at approximately the same location 1n both genes 1s highly unlikely to have arisen by chance. This suggests that the -300 element has some Important function, which (In view of Its location) 1s most likely to be related to the control of prolamin gene expression. Conserved 5'-flanking sequences have previously been noted In another group of developmentally co-regulated plant genes (56) and there Is accumulating evidence that short upstream sequences are Involved 1n the coordinate Induction of unlinked eucaryotic genes (56-58).
We are currently Investigating the possibility that, by analogy with Drosophila heat shock genes (60), there Is a specific Interaction between DNA-b1nd1ng proteins 1n endosperm nuclei and conserved upstream sequences In the Bl hordein gene.
